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[57] ABSTRACT

The present invention is directed to a hot pressing fur-
nace or kiln which is capable of preheating, hot press-
Ing, and cooling a plurality of articles in a sequential and
continuous manner. The hot pressing furnace of the
present invention comprises an elongated, horizontally
disposed furnace capable of holding a plurality of dis-
placeable pusher plates each supporting a die body
loaded with refractory or ceramic material to be hot
pressed. Each of these plates and the die body sup-
ported thereby is sequentially pushed through the pre-
heating zone, a temperature stabilizing and a hot press-
Ing zone, and a cooling zone so as to provide a continu-
ous hot-pressing operation of a plurality of articles.

7 Claims, 2 Drawing Figures
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1

KILN FOR HOT-PRESSING COMPACTS IN A
CONTINUOUS MANNER

This invention was made as a result of work under
Contract W-7405-ENG-26 between Union Carbide
Corporation Nuclear Division and the U.S. Department
of Energy. ‘

BACKGROUND OF THE INVENTION

The present invention relates generally to a hot-press-
ing furnace or kiln and more particularly to such a
furnace wherein a plurality of die sets containing mate-
- rial to be hot pressed are heated, hot pressed and cooled

In a sequential and continuous manner.

Hot pressing ceramic and refractory materials has
proven to be a viable process for forming refractory and
ceramic articles of desired configurations. In conven-
tional hot-pressing operations, a die body loaded with
ceramic or refractory material is placed in a hot-press-
Ing furnace, heated to the desired pressing temperature,
pressed, and then removed for cooling. This operation
requires a considerable period of time for the pressing of
one article. Often times the process is speeded up by
preheating the loaded die bodies in a separate furnace
and then moving the die body to a hot-pressing furnace
for the pressing operation. In either event, a consider-
able amount of time is required for the pressing of arti-
cles which would be considerably expensive and time
consuming when a large number of articles are to be hot
pressed.

SUMMARY OF THE INVENTION

It 1s the primary aim or objective of the present in-
vention to provide a kiln for hot pressing ceramic and
refractory articles that is capable of simultaneously
treating a plurality of die sets loaded with the compacta-
ble material in a continuous and repetitive manner. This
objective is achieved by a hot-pressing kiln for heating,
pressing, and cooling compacts in a continuous manner
and comprises an elongated, horizontally disposed fur-
nace housing which contains a plurality of serially ar-
ranged chambers. The first chamber in registry with
one end of the housing provides a preheating zone for
heating the compactable material to the desired hot-
pressing temperature. A second chamber is in registry
with the first chamber and incorporates press means and
further heating means for providing temperature equi-
librium of the preheated die sets prior to the hot press-
ing of the material in the press means. A third chamber
1S, In turn, In registry with the second chamber and
provides a cooling zone for cooling the hot-pressed
compacts. In the kiln of the present invention, die bod-
1es are loaded one at a time into the first chamber and
sequentially displaced through the chambers to provide
a continuous heating, pressing, and cooling operation of
the material in the die bodies as they are displaced
through the kiln. By employing the present invention, a
plurality of loaded die bodies are sequentially hot
pressed for effectively decreasing the time heretofore
required for hot pressing articles and for substantially
reducing the cost of hot pressing refractory and ceramic
material.

Other and further objects of the invention will be
obvious upon an understanding of the illustrative em-
bodiment about to be described or will be indicated in
the appended claims, and various advantages not re-
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ferred to herein will occur to one skilled in the art upon
employment of the invention in practice.

DESCRIPTION OF THE DRAWINGS

FIG. 1is an elevational view of the kiln of the present
invention showing a plurality of loaded die bodies
within the kiln for sequential hot pressing in a continu-
ous manner: and

FIG. 2 is a top plan view of the FIG. 1 embodiment
showing further details of the hot-pressing kiln of the
present invention.

A preferred embodiment of the invention has been
chosen for the purpose of illustration and description.
The preferred embodiment illustrated is not intended to
be exhaustive or to limit the invention to the precise
form disclosed. It is chosen and described in order to
best explain the principles of the invention and their
application in practical use to thereby enable others
skilled in the art to best utilize the invention in various
embodiments and modifications as are best adapted to
the particular use contemplated.

DETAILED DESCRIPTION OF THE
INVENTION

As briefly mentioned above, the present invention is
directed to a hot pressing kiln for heating, hot pressing,
and cooling compacts in a continuous manner. The kiln
comprises an elongated, horizontally disposed furnace
housing. A plurality of chambers are serially arranged
in the housing with a first chamber in registry with one
end of the housing comprising a preheating zone. Heat-
ing means are provided for heating this preheating zone.
A second chamber is placed in registry with the first
chamber and comprises a further heating and hot press-
ing zone. The second chamber contains heating means
as well as a press means which is operatively associated
with the chamber. A third chamber is in registry with

the second chamber adjacent the other end of the hous-
ing and provides a cooling zone. Means are utilized for
displacing at least one die means containing hot-pressa-
ble material sequentially through the chambers while
sequentially heating the contents of the die means in the
first chamber to a temperature adequate for the hot
pressing operation, stabilizing or equilibrilizing the tem-
perature of the contents in the second chamber prior to
the hot pressing of the contents in the die means, and
then cooling the hot pressed contents in the third cham-
ber.

Described in greater detail and with reference to the
accompanying drawings, the hot pressing furnace or
kiln assembly of the present invention is generally -
shown at 10. This kiln comprises an elongated, horizon-
tally disposed housing 12 supported by suitable stands
14 and 16. The housing 12 is divided into three cham-
bers. The first chamber 18 extends from one end of the
housing 12 towards the center of the housing and de-
fines a preheating zone 20. The heating of the preheat-
ing zone may be provided by any suitable heating mech-
anism such as radio frequency coils or resistance heat-
ing coils such as shown at 22. The preheating zone
provides for the heating of the contents of die bodies
therein to a temperature sufficient for hot pressing the
material contained in the die bodies as will be described
below. The second chamber 24 is disposed intermediate
the opposite ends of the housing 12 and defines a tem-
perature stabilization or equilibration and hot pressing
zone 26. The second chamber is in registry with the first
chamber and is provided with a suitable heating mecha-
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nism such as coils 28 which may be similar to those used
in the first chamber 18 for providing temperature equili-
bration to the material to be hot pressed. After tempera-
ture equilibration of the die body contents the hot press-

ing is achieved in the second chamber 24 by a hydraulic

press 30. -
The hydraulic press 30 is supported external of the

housing 12 at a lIocation in the second chamber remote
to the first chamber so as to assure that the loaded die
bodies within the second chamber achieve temperature
equilibration prior to the hot pressing operation. The
press 30 is provided with a ram 32 which penetrates into
the housing 12 through a suitable seal mechanism (not
shown). A platen 34 is utilized for supporting the press
30 and providing a rigid base against which the ram 32
may operate.

A third chamber 36 is in registry with the second
chamber 24 and the end of the housing 12 to define a
cooling zone 38 which is utilized for cooling the hot
pressed components when displaced from the press 30.
If desired, cooling conduits 40 conveying a suitable
cooling liquid may be disposed about the cooling zone
38 for cooling the hot pressed compacts prior to their
removal from the kiln.

A baffle 42 is disposed between the first and second
chambers 18 and 24 for separating the preheating zone
20 from the temperature equilibration zone 26 so as to
assure uniform heat levels within the second chamber
24. This baffle 42 may be formed of a suitable curtain of
a suitable flexible refractory curtain material such as a
fiberglass blanket which is displaceable by the die bod-
ies as they are moved therethrough and returns to its
original position after die displacement to form an effec-
tive thermal insulating barrier. Alternatively, the barri-
ers can be provided by a sliding door or partitton which
may be moved or opened as the die bodies are displaced
from the first chamber 18 into the second chamber 24.
Another baffle 44 1s disposed between the second and
third chambers 24 and 36 to provide separation therebe-
tween. This baffle 44 may be similarly constructed to
baffle 42 and is utilized to retain the heat within the
hot-pressing zone 26 as well as to prevent the heat from
the second chamber 24 from entering and disrupting the
cooling of the pressed compacts in the cooling zone 38.

A plurality of discrete pusher plates or slabs 46 each
of which is of a size adequate to support a die body 48
containing the material to be hot pressed are placed
with or without a die body thereon into the first cham-
ber 18 one at a time and then sequentially displaced
through the preheating zone 20, the temperature stabili-
zation and hot-pressing zone 26 and the cooling zone 38
on suitable guiderails 50. The die bodies 48 may be
formed of any suitable material such as graphite or the
like for containing the ceramic or refractory material to
be hot pressed.

In order to displace the pusher plates or slabs 46
through the kiln 10 a hydraulic ram such as generally
shown at 52 may be utilized. A piston 54 of this ram is
extended to contact the base of the pusher plate 46 near
the entrance to the housing 12 so as to move the plate 46
into the first chamber 18 a distance equal to the length
of the plate 46. As this plate 46 is displaced by the piston
54 into the first chamber 18 it bears against the plate 46
in front of it to push it one more step or position into the
chamber 18. As the furnace housing 12 is loaded with
plates 46, a sufficient number of die bodies 48 are con-
tained in the housing 12 so as to provide the continuous
operation. However, if only several die bodies 48 are to
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be loaded with material to be pressed some of the
pusher plates 46 may be used without the die bodies 48
so as to provide the continuous pressing of material in
the number of dies selected.

To load the pusher plates 46 into the furnace housing
12 while maintaining the desirable atmosphere within
the furnace confines, a loading compartment 56 1s dis-

posed at one end of the housing 12 adjacent the entrance
into the first chamber 18. A loading stand 57 is shown
disposed next to the loading compartment 56 for sup-
porting a single pusher plate 46 with or without a die
body 48 supported thereon. A door 58 to the compart-
ment is utilized for an entrance of the pusher plate 46
and die body into the compartment 56. This door 38
may be suitably actuated by any suitable mechanism
such as a rack and pinion assembly shown at 59. When
the door 58 is opened and the loaded pusher plate 46
inserted into compartment 56, the door 58 1s closed and
a second door 60 disposed between the compartment 56
and the first chamber 18 1s opened to permit the piston
54 of the hydraulic ram 52 to displace the pusher plate
46 into the first chamber 18. Prior to the opening of the
door 60 the compartment is preferably purged with an
inert gas such as nitrogen, argon or the like to provide
a suitable atmosphere within the compartment and sub-
sequently into the housing 12. Purge lines 62 are shown
for admitting and exhausting the gases from the com-
partment 56. A hydraulic ram 64 may be utilized for
moving loaded pusher plates into the compartment 56 if
the size and weight of the loaded pusher plates are such
as to discourage manual handling.

A similar compartment 66 is disposed at the opposite
end of the housing 12 for providing an unloading com-
partment. A stand 67 is shown near the unloading com-
partment 66 for receiving pusher plates 46 with hot-
pressed die bodies discharged through the compartment
66. A door 68 between the compartment 66 and the
cooling chamber 36 is opened when the die body 48 is to
be pushed from the cooling zone 38 into the unloading
compartment 66 by the piston 54 of the hydraulic ram
52. Normally, the door 68 will remain closed until the
housing 12 1s fully loaded with the pusher plates 46. A
rack and pinion assembly 69 may be utilized for opening
the door 68. The unloading compartment 66 is also
provided with an exit door 70 on a side thereof an In
alignment with the ram or stand 67. This door may be
operated by a rack and pinton assembly as shown at 71.

With a plate 46 supporting a die body 48 having a hot
pressed article therein in the unloading compartment 66
and the door 68 to chamber 36 closed, the exit door 70
is opened and a hydraulic ram 72 is utilized to push the
pusher plate 46 from the compartment 66 onto the stand
67 for removal therefrom.

The arrangement above described provides for a
continuous operation wherein die bodies 48 containing
material to be pressed may be sequentially heated, hot
pressed, and cooled In a continuous manner.

In a typical operation of the continuous kiln of the
present invention, a pusher plate 46 is loaded with a
graphite die body 48 containing ceramic or refractory
material to be hot pressed and then positioned on the
loading stand 37 adjacent compartment 56. The door 58
to the compartment is raised and the loaded die assem-
bly is pushed into the compartment by the hydraulic
ram 64. With both doors 58 and 60 then closed the
compartment 56 is purged with an inert gas to provide
an atmosphere containing less than about 1 vol. % oxy-
gen. The door 60 between the compartment 56 and the



4,510,363

S5

first chamber 18 is opened and the piston 54 of the
hydraulic ram 52 is actuated to move the loaded pusher
plate 46 into the first chamber 18. This operation is
repeated for loading the housing with plates 46 contain-
ing loaded die bodies 48 by advancing the loaded plates
46 sequentially through the furnace. The doors or barri-
- ers between the chambers may be operated in a timed
fashion to correspond to the operation of the piston 54
to assure that the loaded die plates 46 are displaced from
chamber to chamber without encountering heat loss
between the chambers or causing excess heat to be
present in the cooling zone 38. When a loaded pusher
plate 46 is sufficiently preheated in- chamber 18 it is
pushed by the piston 54 into the second chamber 24
where temperature equilibrium is achieved for the
pressing operation which occurs by actuating the hy-
draulic press 30. With the ram 32 of press 30 completing

the hot pressing operation a new loaded pusher plate 46
1s displaced from compartment 18 into the housing and
the pusher plate 46 with the hot-pressed compact
thereon 1s moved into the cooling zone 38. When the
cooled die body 48 or the pusher plate 46 reaches the
end of the housing 12 adjacent the exit or unloading
compartment 66, the door 68 is opened and the piston 54
displaces a finished hot pressed article on the pusher
plate 46 into the exit compartment 66 through the open
door 68. The exit door 68 is closed and the door 70 into
this compartment 66 is then opened and the die body
with the finished hot pressed article is displaced from
the unloading compartment 66 onto the stand 67 for
subsequent removal. In this manner, the hot pressing
operation is continuous so as to significantly facilitate
the pressing operation in a manner not heretofore
achievable.

What is claimed is:

1. A hot pressing kiln for heating, hot pressing, and

cooling compacts in a continuous manner, comprising:
an elongated, horizontally disposed housing;

a plurality of chambers serially arranged in said hous-
mg;

a first chamber of said plurality of chambers disposed
In registry with one end of said housing for defin-
ing a preheating zone;

heating means for heating said preheating zone;

a second chamber of said plurality of chambers dis-
posed 1n registry with the first chamber for defin-
ing a heating stabilization and hot-pressing zone:;

at least one die means for containing hot-pressable
material;

further heating means and press means operatively
associated with said second chamber with said
press means being disposed in said second chamber
and comprising a hydraulic press with a ram pene-
trating said housing and contactable with the
heated contents of said die means for effecting the
hot pressing thereof:

a third chamber of said plurality of chambers dis-
posed in registry with the second chamber and the
other end of said housing opposite said one end for
defining a cooling zone; and |

means for displacing said at least one die means se-
quentially through said chambers while sequen-
tially preheating the contents of said die means in
the first chamber, providing temperature equilibra-
tion and hot pressing of the contents of said die
means 1n the second chamber, and cooling the hot
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pressed contents of said die means in the third
chamber. _

2. A hot pressing kiln as claimed in claim 1 wherein a
plurality of discrete plate means are serially disposable
within said housing with each of said plate means sup-
porting one of said die means, said means for displacing
said at least one die means comprises a ram engageable
with one of said plate means at a location adjacent said
one end for displacing the plate means engaged there-
with and any plate means between the latter and said
other end a distance through said housing correspond-
ing the length of one of said plate means.

3. A hot pressing kiln as claimed in claim 1 including
a compartment at said one end of said housing of a size
sufficient to hold one of said at least one die means, said
compartment having first and second door means said
second door means isolating said compartment from
said first chamber, means for opening and closing said
first door means for sequentially receiving said at least
one die means in said compartment and for confining
sald at least one die means in said compartment, purge
means for purging the compartment to provide a de-
sired atmosphere therein, means for opening and closing
said second door means while said die means is in said
compariment, and wherein said means for displacing
sald die means displaces the latter from said compart-
ment mnto said first chamber while said second door
means 1s open.

4. A hot pressing kiln as claimed in claim 3 including
a second compartment at said other end of said housing
of a size sufficient to hold one of said die means, said
second compartment having third and fourth door
means, means for sequentially opening and closing said
third and fourth door means for receiving in said second
compartment one of said die means from said third
chamber through said third door means while the
fourth door means is closed and for removing said die
means from said second compartment through said
fourth door means while said third door means is closed
and 1solating said second compartment from said third
chamber.

5. A hot pressing kiln as claimed in claim 4 wherein a
plurality of discrete plate means are serially disposable
within said housing with each of said plate means sup-
porting one of said die means, said means for displacing
said at least one die means comprises a ram engageable
with one of said plate means at a location adjacent said
one end for displacing the plate means engaged there-
with and any plate means between the latter and said
other end a distance through said housing correspond-
ing the length of one of said plate means.

6. A hot pressing kiln as claimed in claim 5 wherein
further displacing means are disposed at said one end of
the housing for moving one of said plate means into said
first-mentioned compartment when said first door
means are open. |

7. A hot pressing kiln as claimed in claim 6 wherein
baffle means are disposed between the first and second
chamber and between the second and third chamber for
isolating the chambers from one another, said baffle
means each comprises a flexible refractory curtain for
providing unimpeeded passage of said die means there-
through during displacement of said die means, with
said baffle means returning to its original position after
the displacement of said die means therethrough to

form an effective thermal insulating barrier.
* E * E ®
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